Abstract
1 that were preserved upside down in the dark at 4°C until analyzed using a membrane inlet mass spectrometer (MIMS) 2 according to (Kana et al., 1994) . Lastly, we collected time zero samples at each station to determine the natural N 3 isotopic signature of ambient particulate nitrogen (PN).
4
Discrete N2 fixation rate measurements were depth integrated over the photic layer using trapezoidal 5 integration procedures assuming that surface N2 fixation rates were identical to those in subsurface (5 m) and 6 considering that rates below the deepest sampled depth were zero (JGOFS, 1988 Spearman's rank correlation was used to examine the potential relationships between N2 fixation rates, hydrological,
10
biogeochemical, and biological parameters across the longitudinal transect (n=102, α=0.05). A non-parametric Mann-
11
Whitney test (α=0.05) was used to compare the MIMS data obtained following on-deck versus in situ incubations, and
12
to compare nutrient and Chl a distributions between the western part and the eastern part of the transect.
14

2.4
Group-specific N2 fixation rate measurements at selected stations 15
Experimental procedures
16
At three selected stations along the transect (SD2, SD6, LDB) where Trichodesmium and UCYN-B accounted for >90
17
% of the total diazotrophic community (see below and Stenegren et al. (2017) ), eight additional polycarbonate (2.3 L) measurements in on-deck incubators as described above. To recover large-size diazotrophs (Trichodesmium) after 
32
Mediterranean Institute of Oceanography, as described in Bonnet et al. (2016a) and (Berthelot et al., 2016 with a 0.2 µm pore size at each station using a peristaltic pump. The DNA extraction and TaqMAN qPCR assays are 10 fully described in (Stenegren et al., 2017) . To evaluate the nifH gene expression, additional triplicate 2.3 L bottles were 11 filtered as described above. The filters were placed into pre-sterilized bead-beater tubes (Biospec Products Inc.,
12
Bartlesville, OK USA) containing 250 µL RLT buffer (Qiagen RNeasy) amended with 1 % ß-mercaptoethanol and 30
13 µL of 0.1 mm glass beads (Biospec Products Inc.). The time of filtering for RNA varied between stations (17-21:00).
14
Filters were flash frozen in liquid nitrogen and stored at -80 C until RNA extraction. The RNA extraction and Reverse
15
Transcription were performed as previously described using a Super-Script III first-strand cDNA synthesis kit 
20
NanoSIMS analyses were performed using a nanoSIMS N50 at the French National Ion MicroProbe Facility according
21
to (Bonnet et al., 2016a; Bonnet et al., 2016b) and (Berthelot et al., 2016) . Briefly, a ~ 1.3 pA Cesium (16KeV) primary
22
beam focused onto ~100 nm spot diameter was scanned across a 256 x 256 or 512 x 512 pixel raster (depending on 23 the image size) with a counting time of 1 ms per pixel. Samples were pre-sputtered prior to analyses with a current of
24
~10 pA for at least 2 min to achieve sputtering equilibrium and ensure a consistent implantation and analysis of the 
30
Trichodesmium filament portions were analyzed to take into account the variability of activity among the population.
31
Data were processed using the LIMAGE software. Briefly, all scans were corrected for any drift of the beam 
29
The 15 N enrichment of the N2 pool after 24 h of incubation with the 15 N2 tracer was on average 6.145 ± 0.798 atom%
30
(n=54) in bottles incubated in on-deck incubators and significantly higher (p<0.05) in bottles incubated on the in situ 31 mooring line (7.548 ± 0.557 atom% (n=44), Figure 3a) . However, the depth of incubation on the in situ mooring line
32
(between 5 and 180 m) did not have any significant effect (p>0.05) on the isotopic signature of the N2 pool at LDB
33
and LDC, which remained constant over the water column (Figure 3b ). 
17
In terms of diazotrophic groups based on the quantification of nifH genes by qPCR (Stenegren et al., 2017) ,
18
N2 fixation rates were significantly positively correlated with Trichodesmium spp., UCYN-B and the three DDAs (het- Table 3 ).
5
The in situ nifH expression for all diazotroph groups targeted by qPCR was estimated using a TaqMAN   6 quantitative reverse transcription PCR (RT-QPCR) ( Table 4 ). The sampling and filtering time (17-21:00 h) was not 7 optimal for quantifying the nifH gene expression for all diazotrophs, however it is useful evaluation for which 
10
het-1 had a higher nifH gene expression, which was consistent with its higher nifH abundance by standard qPCR 11 (Stenegren et al., 2017) . UCYN-A1 was consistently below detection for the nifH gene expression and was also the seawater previously N2 degassed (Mohr et al., 2010) (hereafter referred to as the ' 15 N2-enriched seawater method').
22
The second method was developed because the first had been observed to potentially underestimate N2 fixation rates 23 (Großkopf et al., 2012; Mohr et al., 2010; Wilson et al., 2012) 
8
In the NO3 --depleted MA waters, the DIP concentrations close to the detection limit are indicative of the 9 consumption of DIP by diazotrophs. This is consistent with the negative correlation found between N2 fixation and
10
DIP turn-over time (TDIP, the ratio between DIP concentrations and DIP uptake rates) during the OUTPACE cruise
11
( 
30
(Under review) found that atmospheric deposition in this region was too low to explain the observed DFe 
The large amount of N provided by N2 fixation likely stimulated the growth of non-diazotrophic plankton 31 as suggested by significant positive correlations between N2 fixation rates and the abundance of Prochlorococcus spp.,
32
Synechococcus spp., heterotrophic bacteria and protists. (2017) estimated that the e-ratio, which quantifies the efficiency of a system to export 3 particulate carbon relative to primary production (e-ratio = POC export/PP), was three times higher (p<0.05) in MA 4 waters compared to GY waters. Moreover, e-ratio values were as high as 9.7 in MA waters, i.e. higher than the e-ratios 5 in most studied oligotrophic regions (Karl et al., 2012; Raimbault and Garcia, 2008) , where it rarely exceed 1 %,
6
indicating that production sustained by N2 fixation is efficiently exported in the WTSP. Diazotrophs were recovered 
15
The magnitude and geographic extent of N2 fixation control the rate of primary productivity and vertical export of 
11
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The satellite data are weighted in time by each pixel's distance from the ship's average daily position for the entire 6
cruise. The white line shows the vessel route (data from the hull-mounted ADCP positioning system). The satellite 
